• This study estimates the effect of sibling sex composition on human capital and labor market outcomes using dizygotic twins.
Introduction
Every economist knows that the family plays a large role in the production of human capital. Examining the impact of sibling sex composition, one dimension of family structure, on human capital outcomes has posed an empirical challenge. Traditional sibling studies suffer from potential confounders such as differences in birth spacing, birth order, family size, and differences in parental endowments such as age. By exploiting the natural experiment of twin births this study estimates sibling sex composition effects using exogenous variation of gender within dizygotic (fraternal) twins. The use of a dizygotic twin design addresses the confounders of a sibling design. Since the variation in the gender of co-twins is as good as randomly assigned, this paper credibly identifies how sibling sex composition impacts the production of human capital.
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Conceptual framework
A paucity of research has explored the role of sibling sex composition on human capital outcomes, and the few studies on the topic have failed to reach a consensus. Notable work by Butcher and Case (1994) finds positive impacts for sex composition on women's schooling and earnings. Although they are unable to directly test the mechanisms that influence the production of human capital, they offer two possible explanations. First, sex composition may cause parents to change their level of investments and the type of investments. For example, boys may cause parents to spend more time or money on their children or families with boys may engage in gender specific activities. In both situations it may be hard to exclude the female child and she may benefit from having a male sibling. The second explanation involves sibling spillovers as girls raised with boys may become socialized with masculine traits. Thus, the changes in childhood environments whether from parents or siblings are posited as pathways underlying sex composition effects. Subsequent research, however finds limited support (Kaestner, 1997; Conley, 2000) or no support for sibling sex composition effects (Hauser and Kuo, 1998) . The different outcomes are also possible because the studies employ different data and some examine intermediate outcomes such as test scores whereas others examine long run outcomes such as completed schooling. Nevertheless, the early studies must be interpreted with caution because they rely on full sibling sets that may suffer from confounders. Although twins address the threat of confounders, a similar caveat applies to interpreting results from this study since twinning increases with maternal age and for certain ethnicities, therefore families with twins are likely to be different than families without twins.
Methodology

The national survey of midlife development (MIDUS)
This study uses data from both waves of MIDUS conducted between 1995 -1996 (Brim et al., 2011 ) and 2005 -2006 (Ryff et al., 2009 . The dizygotic twin sample contains 1202 observations, with 705 twins that were born with a co-twin of different sex, with 497 twins that were born with a co-twin of the same sex, respectively. Wages are reported on a categorical scale and I assign midpoint values for each wage category. Measures on labor force participation include a contemporaneous response of labor force participation in the current survey year and retrospective answers for the past nine years preceding both waves of the survey. The descriptive statistics are presented in Table 1 , and the difference in means by gender and composition is the unadjusted sex composition effect. Fig. 1 shows the unadjusted differences for human capital outcomes, and Fig. 2 shows the unadjusted differences for labor market outcomes, and Fig. 3 shows the earnings distributions.
Estimation strategy
I estimate the empirical model shown in equation one. The dependent variable Y i includes schooling, labor supply, and earnings for each twin. On the right hand side, the interaction terms are the key coefficients of interest as they provide the sibling sex composition effect for each respective gender. The vector X i includes dummies for race and survey year. I also control for age and age squared to improve the precision of the treatment effects and to account for time specific trends in the acquisition of human capital and the life cycle variation in earnings. In order to analyze the mechanisms that may influence sex composition effects, I use maternal education, birth order, and family size as proxies for parental investments and include these variables as additional covariates.
(1) Table 2 presents the results for human capital outcomes. In column 1 beginning with women, a different sex co-twin produces economically and statistically significant increases for high school completion by 5.6 percentage points, attending college by 6.8 percentage points, and college completion by 7.8 percentage points, respectively. The coefficient for high school completion remains robust to inclusion of additional covariates such as family size, birth order, and maternal characteristics in columns 2-4. Other measures of schooling such as college attendance, college completion, and years of schooling fluctuate in magnitude and are statistical insignificant upon the inclusion of household characteristics in columns 2-4. On the other hand, the effect of having a female cotwin as opposed to a male co-twin does not affect men's schooling with effect sizes that are statistically indistinguishable from zero in all specifications. Overall, the p-values from the joint tests of significance confirm that increased high school completion is the key finding on measures of schooling.
Results
In Table 3 , I examine the effect of sibling sex composition on labor supply. In column 1, women's full time labor supply participation increases by a sizeable and economically significant effect of 4.8 percentage points, but part time labor supply falls by 3.2 percentage points, along with a reduction in being out of the labor force by 1.5 percentage points. In all specifications the coefficients for higher participation in full time work and lower participation rates in part time work do not reach statistical significance, but the effect sizes remain large and robust to the inclusion of proxy variables for parental investments in columns 2-4. In addition to labor supply and schooling, I also examine the effect of sibling sex composition on earnings. The statistically significant effect on earnings varies from nearly $4500 to $3350 dollars off of a mean income of nearly thirty thousand dollars indicating an effect of about eleven to fifteen percent in higher earnings. Despite the changes in the magnitude of the earnings coefficient, it remains significant upon inclusion of family background characteristics in columns 2-4. Although the effect size on earnings is fairly large, the analysis on income in this study occurs during late life on the earnings profile when earnings effects are larger and would likely overstate the lifecycle impacts.
For men, however, the effects on labor supply are negligible as labor force participation on both full time and part time work remains the same across specifications in columns 1-4. Estimates for men are very small precise zero effects on both measures of part time and full time work and the coefficients are statistically indistinguishable from zero. The findings are consistent with the stylized facts of an inelastic men's labor supply. Lastly, given the largely statistically indistinguishable effects of sibling sex composition on labor supply, the p-values from the joint tests of significance exceed conventional levels in all columns.
Discussion
Attempts to identify the mechanism of sibling sex composition through proxy variables for parental investment such as birth order and family size are unfruitful, as these family characteristics do not affect the magnitude of the sex composition effect. Such a result may occur because the proxy variables that attempt to measure family dynamics may poorly capture their constructs. Another pertinent concern for this study is the limited sample size which results in the lack of statistical power to detect small effects. Therefore, it is possible that sibling sex composition effects may exist for men or for other schooling variables for women, but that these effects are not large enough to be detected with the limited sample size in this study.
Conclusion
Using exogenous variation in the gender of fraternal twins, this study finds statistically and economically significant impacts of sibling sex composition on women's earnings and high school completion. More specifically, women born with a male co-twin have an increased rate of high school completion by roughly five Table 2 The effect of sibling sex composition on human capital outcomes. Source: National Study of Midlife Development (1996 Development ( , 2006 
Table 3
The effect of sibling sex composition on labor market outcomes. Source: National Study of Midlife Development (1996 Development ( , 2006 percentage points, and higher earnings by nearly eleven to fifteen percent. The findings on other measures of schooling such as college attendance, college completion, and years of schooling, however, are statistically indistinguishable from zero in most specifications. Similarly, the effect of sex composition on labor force participation does not reach statistical significance at the conventional levels, but the large magnitudes imply substitution from part time work to full time.
